Background: A need exists for a population-based evaluation of muscular strength in terms of its association with health-related quality of life (HRQOL) in males. Therefore, the purpose of this study was to examine the relationship between grip strength and HRQOL in a representative sample of U.S. men.
INTRODUCTION
Muscular strength is a specific component of health-related fitness and is defined as the ability to develop maximal muscle force [1] . Muscular fitness is related to many health problems that affect men. Specifically, muscular fitness has been identified as a predictor of cardiovascular disease [2] , cancer [3] , diabetes [4, 5] , depression [6] , cognitive decline [7] , and unintentional injury [8] . Furthermore, muscular strength is associated with mortality from cardiovascular disease, cancer, and all-causes in men [9, 10] . In elderly males, the maintenance of muscular strength may also protect against declines in physical function [11] and activities of daily living [12, 13] .
Despite the known associations between muscular fitness and health outcomes, less is known about the relationship between muscular strength and perceived health in adult males. Health-related quality of life (HRQOL) is one such
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measure of perceived health and can be defined as a construct that considers the relationship between an individual's health status and their quality of life [14] . A recent study has examined the relationship between muscle strength HRQOL using the WHOQOL-BREF questionnaire and found both a significant and positive association in men [15] . This study, however, used a small sample of males and was based in Austria. A larger population-based study examined the same relationship using the Short-Form-36
(SF-36) assessment and also found a significant and positive relationship in males [16] . This study, though, was based in the UK. Therefore, a need exists for a population-based evaluation of muscular strength as it relates to HRQOL is U.S. adult males. More specifically, the primary purpose of this study was to examine the relationship between grip strength and HRQOL in a representative sample of U.S. men. A secondary purpose of this study was to examine the moderating effects of both physical activity (PA) and obesity on the grip strength and HRQOL relationship in the same population.
MATERIALS AND METHODS
Study design
Data for this research came from the 2013-2014 National Health and Nutrition Examination Survey (NHANES) [17] .
NHANES is a series of studies designed to assess health be- 
Variables utilized
The dependent variable in this study was grip strength. 
Assessment of Grip Strength and HRQOL
Grip strength (kg) was measured repeatedly in both hands using a handgrip dynamometer that was administered by a trained examiner [18] . After a submaximal practice trial and grip adjustment, participants squeezed the dynamometer as hard as possible with a randomly selected hand while in the standing position (when possible). The test was then completed with the other hand for a total of three trials on each hand. The largest dynamometer reading across all trials served as the grip strength score in this study.
HRQOL was assessed by a single question asking participants to rate their general health [19] . In this study, males rating their health as "good", "very good", or "excellent"
were considered to have good HRQOL whereas those rating it "fair" or "poor" were considered to have poor HRQOL.
Assessment of PA variables
Sedentary time was assessed from a question asking participants how much time they usually spend sitting in a typical day [20] . For this study, sedentary time was converted to quartiles, where the first quartile contained the least sedentary individuals and the last quartile contained the most sedentary. TV time was assessed from a survey question asking participants how many hours per day they sat and watched TV or videos during the past 30 days [20] . For this study, two discrete TV time groups were formed: (1) ＜ 5 hours and (2) 5+ hours. Two PA variables were used in this study. A continuous PA variable was computed from constructed variables of minutes of moderate physical activity (MPA) per week and minutes of vigorous physical activity (VPA) per week [20] . VPA was assessed from the responses to two questions. The first question asked respondents how many days they participated in vigorous intensity sports, fitness, or recreational activities. The second question asked respondents how much time they spend doing vigorous-intensity activity on a typical day. Multiplying days with minutes yielded VPA measured per week. The same two questions were asked regarding moderate-intensity activities to assess MPA per week. These two physical activity variables 
Other variables
A smoking status variable was constructed from a question asking participants if they now smoke cigarettes [22] .
Those responding "yes, every day" or "yes, some days" were considered current smokers and those responding "no, not Table 3 displays results from the multiple linear regression analysis of grip strength regressed on HRQOL. In the overall age adjusted model, males with good HRQOL had greater grip strength (slope = 2.40 kg, SE = 0.51, p ＜ 0.001) than their poor HRQOL counterparts. This relationship persisted in the overall fully adjusted model (slope = 2.5 kg, SE = 0.57, p = 0.001). Additionally, in fully adjusted PA status models, HRQOL was a significant predictor of grip strength in men who did not meet PA guidelines (slope = 2.6 kg, SE = 0.68, p = 0.002). The relationship was not significant in the model with those who did meet the PA guidelines. Similarly, in fully adjusted obese status models, HRQOL was a significant predictor of grip strength in men who were non-obese (slope = 3.02 kg, SE = 1.26, p = 0.030) and not in those who were obese.
RESULTS
DISCUSSION
The primary purpose of this study was to examine the relationship between grip strength and HRQOL in a representative sample of U.S. men. Results showed clearly that HRQOL is a significant predictor of grip strength, a measure of muscular strength, in U.S. men. These finding imply that men who perceive their general health as good to excellent, have greater muscular strength than their counterparts who perceive their general health as fair to poor.
Therefore, HRQOL and its potential effect on muscular strength can be viewed similarly among men 20+ years of age in the U.S. as previously mentioned in other countries [15, 16] .
A secondary purpose of this study was to examine the moderating effects of both PA status and obesity on the grip strength and HRQOL relationship. This portion of the study showed noteworthy findings. Specifically, both PA status and obesity status moderated the HRQOL and grip strength relationship. HRQOL was a significant predictor of grip strength among men who did not meet PA guidelines and failed to predict strength among those who did meet guidelines. These findings may be explained by the benefits received from participating in regular PA. That is, regular activity itself is known to independently affect muscular strength, regardless of an individual's perceived health [26] [27] [28] . In the same way, HRQOL was a significant predictor of grip strength among men who were not obese and failed to predict strength among those who were obese. The explanations behind these findings are less clear. However, measurements of WC were used to create the obesity status variable in this study. Furthermore, the descriptive analysis of obese men indicated that those with good HRQOL had a similar grip strength as those with poor HRQOL, albeit significant, a difference of ＜ 1.9 kg. In other words, obese men had very similar muscular strength, regardless of HRQOL. In the fully adjusted obese model, the regression estimate was 1.5 kg, indicating that adjustments in the model reduced the independent effect of HRQOL, making it non-significant. Therefore, factors such MVPA, sedentary time, and smoking could have explained grip strength variance more in obese men than non-obese. Another possible explanation for the failure of HRQOL to predict grip strength in obese men is the obesity paradox [29] . Grip strength measurements in this study were in absolute units (kg). Therefore, it is possible that obese men had similar strength to non-obese men merely because of their greater body mass and hence greater muscle mass [30] . Future studies should consider analyzing relative measures of grip strength (i.e., kg/body mass or kg/BMI) to better understand this null finding [31] .
This study does have strengths worth mentioning. One strength of this study was its use of an objective measure of muscular strength. The use of grip strength, by hand-held dynamometer, is a valid and reliable means of assessing muscular strength and functional ability in adults [32] [33] [34] .
Another strength of this study was its use of a population-based survey. NHANES data represent the total noninstitutionalized civilian U.S. population residing in the 50 states and District of Columbia [35] . Therefore, results from this study can validly be generalized to all noninstitutionalized adult males 20+ years of age residing in the U.S.
Results from this study, however, should not be interpreted without considering its limitations. The most serious limitation in this study is the cross-sectional nature of NHANES data. An obvious shortcoming to cross-sectional data is its inability to provide evidence for cause-and-effect relationships. That is, results from this study do not support the notion that improvements in HRQOL mediate the improvements in muscular strength. A well-controlled randomized trial should be conducted to address such cause-and-effect associations. Instead, results from this study should be considered as correlational. That is, point-in-time levels of HRQOL were found to be related to the same point-in-time levels of muscular strength.
Another limitation of this study was the self-report assessment of HRQOL and PA measures. That is, data from self-reported questionnaires have certain biases over more objective means of measurement. However, HRQOL is a measure of perceived health and the item used in this study has shown to have adequate psychometric properties [36, 37] . Similarly, the items used to assess the PA measures in this study came from the Global Physical Activity Questionnaire (GPAQ), which also has shown to have adequate validity and reliability evidence supporting its use in this population [38, 39] .
CONCLUSION
Results from this study indicate that muscular strength and HRQOL are related in U.S. adult males. The muscular strength and HRQOL relationship appears to remain in men who do not meet PA guidelines and disappears in men who do meet the guidelines. Additionally, the muscular strength and HRQOL relationship appears to exist in non-obese and not obese men. Health promotion efforts directed toward improving HRQOL may also find benefits of improved muscular strength in men.
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